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Phenological and environmental variables were analysed to 
determine their possible interrelationships. Growth activity 
in woody species such as the deciduous Berchemia zeyheri 
(Sond.) Grubov and the evergreen Olea europaea L. subsp. 
africana (Mill.) P.S. Green, commences when the air and soil 
temperatures exceed certain threshold values in conjunction 
with an increase in photoperiod. Growth and reproduction 
are influenced by rain only after certain threshold levels of 
temperature and the photoperiod have been exceeded. 
S. Afr. J. Bot. 1986, 52: 159-166 
Die moontlike verwantskappe tussen fenologiese 
veranderlikes en omgewingsfaktore is ondersoek. Groei-
aktiwiteite by houtagtige spesies soos die bladwisselende 
Berchemia zeyheri (Sond .) Grubov en die immergroen Olea 
europaea L. subsp. africana (Mill) P.S. Green neem 'n aanvang 
wanneer die lug- en grondtemperature bo sekere drumpel-
waardes gestyg het en die daglengte gelyktydig toeneem. 
Reenval speel slegs 'n rol by groei en voortplanting nadat 
die temperatuur en daglengte sekere drumpelwaardes 
oorskry het. 
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Introduction 
Phenology concerns the visible response of an organism to 
a seasonally changing environment hence phenological studies 
provide a record of seasonal responses to one or several 
environmental factors. 
The relationship between the phenology of trees and season-
al climatic conditions is difficult to interpret as their life-long 
cycle of vegetative and reproductive growth is a fundamental 
characteristic of large perennial plants and therefore is a priori 
endogenous in nature. The primary endogenous growth perio-
dicity might also be secondarily adapted to the climatic perio-
dicity of the habitat of a tree (Borchert 1980). 
According to Daubenmire (1968) and Larcher (1980) the 
environmental variables that determine phenological develop-
ment are light, temperature and moisture. In an attempt to 
investigate the relationship between phenological and climatic 
variables, a study was conducted on two tree species, i.e. a 
deciduous species: Berchemia zeyheri (Sond.) Grubov and an 
evergreen species: Olea europaea L. subsp. africana (Mill.) 
P.S. Green. 
Methods 
This study was undertaken in the Roodeplaat Dam Nature 
Reserve near Pretoria and descriptions of the plant communi-
ties and general phenological observations have already been 
dealt with (Van Rooyen 1983a; 1983b; Van Rooyen et al. 
1986). 
Concurrently with the phenological observations on the 
above-mentioned two tree species, certain climatic variables 
such as air and soil temperature, relative humidity, rainfall 
and day length were recorded at a temporary weather station 
at the study site (Van Rooyen 1984). 
For the computer analysis the phenological data were 
expressed on a fortnightly basis while the climatic variables 
were expressed on a weekly basis. A phenological response 
of the plant was ascribed to the influence of the climatic 
variables of two weeks previously. A lag phase of two weeks 
was therefore used between the climatic variables and its 
influence on the phenological variables. The year was divided 
into two periods: the fIrst period comprises the months August 
until December and the second period the months January 
until July. This was done because of the relative contrasting 
climatic conditions and phenophases that prevail during the 
two periods. 
A principal components analysis (PCA) (Morrison 1967) 
was conducted on the climatic variables whereafter each 
of the phenological variables was plotted against each of 
the first three axes of the principal components. The different 
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phenophases of the two plant species were also plotted against 
each of the climatic variables. 
The following phenological variables were used: shoot 
growth rate, leaf expansion rate, number of immature and 
mature leaves, leaf fall stage, leaf senescence stage, number 
of flower buds, open flowers, unripe fruit and ripe fruit, and 
the dissemination rate of fruit and/or seeds (see methods in 
Van Rooyen et al. 1986). The 11 environmental variables 
include the maximum and minimum percentage relative air 
humidity, the mean, maximum, minimum, extreme maximum 
and extreme minimum air temperature, the temperature at 
10 mm and 300 mm soil depth, rainfall and day length 
(photoperiod). 
The authors of the different species mentioned in the text, 
except for B. zeyheri and 0. europaea subsp. ajricana, are 
given in Van Rooyen (1983a). 
Results and Discussion 
Climatic variables 
The results of the PCA on 11 climatic variables are shown 
in a scatter diagram of the first two principal components 
(Figure 1). Along the first component, temperature and day 
length are the more important parameters. This component, 
however, only measures systematic changes in the seasons and 
accounts for up to 70070 of the total variation in all the climatic 
variables. 
Along the second component (Figure 1) it is mainly the 
maximum and minimum percentage relative air humidity and 
rainfall on the positive side, and the maximum and extreme 
maximum air temperature on the negative side that are ex-
plained. This component accounts for a further 17% of the 
total variation in all the climatic variables. 
Along the third component (z-axis) (Figure 2) rainfall is the 
most important factor and this component therefore explains 
more directly the influence of rainfall, together with low 
relative air humidity. The third component accounts for a 
further 5% of the total variation in all the climatic variables. 
Growth in spring 
When the phenological variables of B. zeyheri and 0. euro-
paea subsp. ajricana are plotted against the first component-
axis, it becomes clear that in both species shoot growth rate 
and the number of new leaves increase under conditions where 
temperature and day length exceed certain threshold values 
(Figures 4a & b; 5a & b). There are however, periods when 
there is no growth above these threshold values and this 
indicates that there are certain factors e.g. moisture stress, that 
can limit growth. Relatively high temperatures and long days 
are also essential for the onset of the flowering and fruiting 
phases. 
It was also found in other studies that temperature, rather 
than photoperiod, is one of the environmental factors that 
(a) breaks quiescence in buds, (b) controls leaf expansion and 
(c) controls the beginning of the flowering phase in spring 
(Caldwell 1%9; Anderson 1974; Flint 1974; Nienstaedt 1974; 
Taylor 1974; Larcher 1980). According to Opler et al. (1976) 
and Reich & Borchert (1982) the restoration of the water 
potential of the plant is essential for resuming growth in trees 
in spring. 
During autumn and winter a decrease in the principal 
component values (primarily temperature and day length) is 
accompanied by a decrease in the number of mature leaves 
or an increase in the leaf fall stage in the case of B. zeyheri 
(Figure 4c & d). In the case of the evergreen O. europaea 
subsp. ajricana, new leaves develop under conditions of 
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Figure 1 Scatter diagram of the coefficients of the first (x-axis) and 
second (y·axis) principal components as obtained by a principal 
components analysis (PCA) of II climatic variables. 
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Figure 2 Scatter diagram of the coefficients of the first (x-axis) and 
third (z·axis) principal components as obtained by a principal compo-
nents analysis (PCA) of II climatic variables. 
relative high temperatures and long days i.e. in summer 
(Figure 5b & c). 
When the phenological variables of the two species studied 
are plotted against the second principal component-axis, no 
clear tendencies are observable for B. zeyheri and 0. europaea 
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Figure 3 Climate diagram for the Roodeplaat Dam Nature Reserve for the period 1979 to 1982. Sp-spring; Su-summer; Au-autumn; W-
winter; E-early; L-late. 
subsp. africana (Figure 4e & f and Se & f). There is, however, 
an indication that an increase in the moisture component 
causes an increase in the growth rate of B. zeyheri. In the 
case of O. europaea subsp. afrieana it seems that an increase 
in the shoot growth rate and number of new leaves also are 
related to the moisture component. Evidently rainfall does 
not cause the initiation of growth in the latter tree species. 
This species normally starts to grow in summer when the 
rainfall is relatively high (Figure 3, Se & f). Hopkins (1970) 
questions the causal correlation between rainfall and the 
initiation of growth. Usually leaf expansion and flowering of 
tropical deciduous trees commence before the start of the rainy 
season (Reich & Borchert 1982). 
No clear tendencies were found when the phenological 
variables of both species had been plotted against the third 
component-axis (Figures 4g & hand Sg & h). Shoot growth 
in 0. europaea subsp. afrieana, however, occurred at high 
relative air humidities. 
Flowering 
According to the results of the PCA, the flowering and fruit-
ing phases of both species are associated with relatively high 
values of the fIrst component. An increase in temperature and 
day length is therefore important for the formation of flowers 
and fruit although lack of rainfall together with extremely high 
temperatures is detrimental for the reproduction phase during 
early summer. 
Yong No Lee (1971), Davies (1976) and Medina (1982) 
mention temperature and photoperiod as important environ-
mental factors influencing the flowering phase. Rainfall, on 
the other hand, was also mentioned by Opler et at. (1976) 
and Opler et al. (1980) as probably essential for the flowering 
phase. Where leaf fall is directly followed by flowering, plant 
hormones also play an important role (Medina 1982). 
In the case of some tropical species that flower annually 
on a regular basis at approximately the same time of the year, 
flowering is probably regulated by an endogenous rhythm 
(Opler et al. 1976). In the study area Acacia robusta, Combre-
tum apiculatum, C. molle, Mundulea sericea and Rhus zeyheri 
started to flower on more or less the same date each year. 
Cessation of active growth (induction of dormancy) 
According to the results of the PCA (Figure 4d & h) an 
increase in leaf fall in Berchemia zeyheri is associated with 
a decrease in the values of all the principal components, 
namely a decrease in temperature, day length and rainfall. 
In the case of Olea europaea subsp. africana, however, leaf 
fall occurs at relatively high temperatures, long days (Figure 
Sd) and prevailing rainfall conditions (Figure Sh). 
No evidence was therefore found that fairly extreme climatic 
factors playa role in the leaf fall of Olea europaea subsp. 
afrieana. It is probable that leaf fall in the case of this species 
might be regulated by an endogenous rhythm. 
Induction of dormancy appears to be controlled primarily 
by photoperiod (Hopkins 1970; Flint 1974; Nienstaedt 1974) 
although seasonal drought, low air humidity and decreasing 
temperatures are also important (Huxley & Van Eck 19.74; 
Alvirn & Alvirn 1978; Opler et al. 1980; Shukla & Ramakrish-
nan 1982). 
The influence of a short period of drought on the plant 
species of the Roodeplaat Dam Nature Reserve was observed 
during November 1981 when it was particularly hot and dry 
and the normal peak in rainfall in November was absent 
(Figure 3). The peaks in the shoot growth rate and leaf 
expansion rate that are normally evident during that period 
in species such as Berchemia zeyheri and Olea europaea subsp. 
africana, were also absent and a single peak was recorded in 
January to February. In the case of Berchemia zeyheri the 
production of flowers and fruit was also inhibited. 
Threshold levels 
From the graphs in which phenophases were plotted against 
climatic factors, it was possible to get an indication of thres-
hold and optimum values for different phenophases in relation 
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Figure 4 Examples of graphs in which the phenological variables of Berchemia zeyheri are plotted against the first three principal components. 
aAug - Dec - the graph applies to the period August to December; Jan - Jul - the graph applies to the period January to July. 
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Figure 5 Examples of graphs in which the phenological variables of Olea europaea subsp. africana are plotted against the first three principal 
components. "Aug - Dec - the graph applies to the period August to December; Jan - Jul - the graph applies to the period January to July. 
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Table 1 Threshold values, optimum levels and maximum limits of 
certain climatic variables for the functioning of certain phenoptJases 
of Berchemia zeyheri 
Threshold Optimum Maximum 
values levels limits 
Shoot growth (period August - December) 
Relative air humidity (070) 18 35 -90 90 
a Air temperature (oq 2 21 36 
Soil temperature (oq at 10 - 300 mm 
depth in the bush clump 17 23 28 
Rainfall per week (mm) 0 =35 35+ 
Day length (hours) 11,9 12,8 13,7 
2 Leaf expansion (period August - December) 
Relative air humidity (070) 18 35 - 90 90 
a Air temperature (oq 2 21 36 
Soil temperature (oq at 10 - 300 mm 
depth in the bush clump 17 23 28 
Rainfall per week (mm) 0 = 35 35+ 
Day length (hours) 11,7 12,8 13,7 
3 Flower buds (period August - December) 
Relative air humidity (070) 19 35 - 90 90 
aAir temperature (oq 5 21 36 
Soil temperature (oq at 10 - 300 mm 
depth in the bush clump 18 23 28 
Rainfall per week (mm) 0 =35 35+ 
Day length (hours) 12,1 12,8 13,7 
4 Leaf fall (period January - July) 
Relative air humidity (070) 18 23 - 78 86 
aAir temperature (oq -2 9 20 
Soil temperature (0C) at 10 - 300 mm 
depth in the bush clump 9 10 25 
Rainfall per week (mm) 0 0 25 + 
Day length (hours) 10,6 10,7 12,3 
a The air temperature data were obtained from the mean and extreme maximum and 
minimum temperature values 
to environmental factors for both species (Tables 1 & 2). The 
results in Table 1 and 2 were obtained under natural condi-
tions in the field and the values probably reflect the combined 
influence of all climatic factors. 
In Berchemia zeyheri, it was found that no vegetative 
growth occurred at air and soil temperatures (10 - 300 mm 
depth) lower than 2°e and 17°e respectively, and a photo-
period of less than 11,7 hours. Shoot growth, leaf expansion 
and flower bud formation occurred optimally at 21°e air 
temperature, 23°e soil temperature, a relative humidity of 
between 35UJo and 90UJo, a day length of 12,8 hours and 
rainfall of approximately 35 mm per week (Table 1). 
In Olea europaea subsp. africana no vegetative growth 
occurred at air and soil temperatures (10- 300 mm depth) 
lower than 5°e and 18°e respectively, and a photoperiod 
of less than 12,1 hours. Shoot growth, leaf expansion 
and flower bud formation occurred optimally at 20 - 21 °e 
air temperature, 18 - 22°e soil temperature, a relative hu-
midity of between 29-89UJo, a day length of 13,1-13,4 
hours and rainfall of approximately 9 - 20 mm per week 
(Table 2). 
Concluding remarks 
Plants are excellent indicators of climatic differences as 
the time of occurrence of phenological events of many plants 
is to a large degree controlled by local climatological factors. 
Indicator plants are living instruments, their growth reac-
tion showing the combined influence of the full range of 
continuously changing environmental influences such as 
temperature, rainfall and irradiation (Hopp 1974). Both 
Berchemia zeyheri and Olea europaea subsp. africana grow 
actively when the air and soil temperatures exceed certain 
threshold values, in conjunction with an increase in day 
length. There are, however, periods with favourable tempera-
ture and day length where no growth occurs, indicating other 
limiting factors such as moisture stress. 
Berchemia zeyheri commences growing earlier in the growth 
season (September) than Olea europaea subsp. africana (No-
vember). There is an indication of a relation between an 
increase in the rainfall component and an increase in -growth 
activity of Berchemia zeyheri. This was not so clear in the 
case of Olea europaea subsp. africana and rainfall evidently 
does not cause the initiation of growth in the latter tree species. 
Flowering in both species occurs only after the temperature 
and day length have exceeded certain threshold values and 
a certain amount of rainfall has fallen (see text). Rainfall 
therefore does contribute to growth and reproduction but is 
effective only after certain threshold levels of temperature and 
day length have been exceeded. 
Leaf fall in Berchemia zeyheri is associated with decreases 
in temperature, day length and rainfall. In the case of Olea 
europaea subsp. africana, however, leaf fall occurs concurrent-
ly with growth activity i.e. at relatively high temperatures, long 
days and adequate rainfall conditions. Leaf fall in the case 
of Olea europaea subsp. africana may be regulated by an 
endogenous rhythm. 
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Table 2 Threshold values, optimum levels and maximum limits of 
certain climatic variables for the functioning of certain phenophases 
of Olea europaea subsp.africana 
Threshold Optimum 
values levels 
Maximum 
limits 
Shoot growth (period August - December) 
Relative air humidity (070) 25 34 -89 90 
aAir temperature (0C) 10 20 35 
Soil temperature (0C) at 10 - 300 mm 
depth in the bush clump 18 18 - 22 26 
Rainfall per week (mm) =4 = 10 35 + 
Day length (hours) 12,8 13,4 13,7 
2 Leaf expansion (period August - December) 
Relative air humidity (070) 19 29 -89 90 
a Air temperature (0C) 5 21 35 
Soil temperature (DC) at 10 - 300 mm 
depth in the bush clump 18 18 - 22 26 
Rainfall per week (mm) 0 =9 - 20 35 + 
Day length (hours) 12,1 13,1 - 13,4 13,7 
3 Flower buds (period August - December) 
Relative air humidity (%) 29 34 - 89 89 
aAir temperature (0C) 10 21 34 
Soil temperature (0C) at 10 - 300 mm 
depth in the bush clump 18 18 - 22 25 
Rainfall per week (mm) =5 =9 20 + 
Day length (hours) 13 ,1 13,4 13,7 
4 Leaf fall (period January - July) 
Relative air humidity (%) 22 31 - 83 89 
a Air temperature (0C) II 23 36 
Soil temperature (DC) at 10 - 300 mm 
depth in the bush clump 20 22 - 26 29 
Rainfall per week (mm) 0 35 - 100+ 100 + 
Day length (hours) 10,8 13,3 13,8 
a The air temperature data were obtained from the mean and extreme maximum and 
minimum temperature values. 
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